A new modified palm shell activated carbon paste electrode based on 1, 4, 7, 10, 8, 4, 7, 10 ,13-Pentaoxatridecylene)-diquinoline (Kryptofix ® 5) and plasticizing agent was prepared and studied as Hg 2+ selective electrode. The best performance was observed with the electrode composition having the ionophore-palm shell activated carbon-plasticizer composition 10%:50%:40% with Nernstian response over the concentration range of 1.0 × 10 −8 -1.0 × 10 −2 M with a slope of 42 ± 1.5 mV per decade of concentration. The detection limit as determined from the calibration plot is 1.0 × 10 -7 M. The proposed electrode shows good selectivity for Hg(II) with interfering ions. The response time of the electrode is fast (≤10 s), and can be used in the pH range of 3 -11. The electrode was used to determine mercury in drinking water.
Introduction
Contaminate water recourses by heavy metal is a serious worldwide environmental problem. Many metals such as mercury, cadmium, chromium and lead are known to be significantly toxic [1] .
The importance of mercury to the environment cannot be overemphasized. From an environmental point of view, it is highly toxic, causing severe damage to the human central nervous system. Mercury concentrations in drinking, river or sea water are typically below 5 µg·L
, making it extremely difficult to measure using many techniques.
Therefore, measurement of free Hg(II) is important in assessing mercury toxicity and environmental monitoring. A number of methods, such as atomic absorption spectrometry (AAS) [2, 3] , inductively coupled plasma [4] , X-ray fluorescence spectrometry [5] , anodic stripping voltammetry [6, 7] and potentiometry [8, 9] have been used for determination of mercury in the analytical samples. Many sensors for potentiometric determination of mercury(II) based on carbon paste CPE [10] [11] [12] [13] [14] [15] [16] , polymeric membranes PVC [17] [18] [19] [20] [21] [22] [23] [24] [25] and coated wire electrodes [26] [27] [28] [29] [30] have been reported. However, these electrodes are not very fruitful as they have either one, two, or in some cases, all the following problems: 1) a high detection limit; 2) a narrow working concentration rang; 3) a long response time; 4) serious interferences from various cations.
Potentiometric sensors based on ion-selective electrodes are especially suited for determination of several chemical species because they offer advantages such as selectivity, sensitivity, good precision, simplicity, and low cost.
Carbon-paste electrodes are considered a category of ion-selective electrodes that is composed of a carbon powder with a pasting liquid (an organic binder). The advantages of carbon paste electrodes such as ease of preparation and use, renewal of surface, chemical inertness, robustness, stability of response, low ohmic resistance, no need of internal solution and suitability for a variety of sensing and detection application drew the attention of researchers in recent years where these advantages were exploited for various measurements, including potentiometric measurements.
Palm shell activated carbon is a waste produced during palm kernel oil production, which is an important sector of Malaysia's economy. This material is easily available at low cost and has good electrochemical properties, such as good electrical conductivity, chemical and electrochemical inertness, favorable electrochemical behavior with analytes, low background current, and high surface area [31, 32] .
In this work, the application of Kryptofix 
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Materials
All analytical reagent grade chemicals and distilled, deionized water were used for preparing all aqueous solutions. Commercial granular palm shell activated carbon (PSAC) was provided by Pacific Activated Carbon a local manufacturer in Johor Bahru, Malaysia. Activated carbon granules with particle size ˂45 µm were used throughhout the experiments. PSAC was washed with distilled water and was dried in an oven at 100˚C for 24 h. Metal salts as well as the plasticizers, bis(2-ethylhexyl)-adipate (DOA), dioctyl phthalate (DOP), tris(2-ethylhexyl) phosphate (DOPh), dioctyl sebacate (DOS), butyl phosphate (BPh), dibutyl phosphate (DBPh), and tributyl phosphate (TBPh) were purchased from Merck. The ionophore Kryptofix ® 5 was purchased from Sigma-Aldrich. 
Experimental Equipments
All potentiometric measurements were made with a pH/ Ion meter (Metrohm-781, Germany) and pH Module (Metrohm-867) using proposed sensor in conjunction with a double junction Ag/AgCl reference electrode. The temperature of the cell holder was maintained at 25˚C. The electrochemical cell used for this study as follow: Ag(s), AgCl(s), KCl(3M sat.) sample solution modified palm shell activated carbon paste electrode.
Scanning electron micrographs (SEM) of the electrode surfaces were obtained by using scanning electron microscopy (AMETEK, advanced microanalysis solutions) at an accelerating voltage of 25 kV.
Hg(II) samples were analysed by Inductivity Couple Plasma ICP (PerkinElmer, model ICP optima 7000DV).
Palm Shell Activated Carbon Paste Electrode Preparations and Potential Measurements
Modified palm shell activated carbon paste was prepared by mixing of specified amount, as shown in Table 1 , of palm shell activated carbon powder, Kryptofix ® 5 and plastecizer. The constituents were thoroughly hand mixed in a 50 mm petridish to produce a paste according to optimum value of ingredients, then the paste poured and packed into empty glassy carbon electrode (5 mm dimeter), conected with the pH/Ion meter by a thin copper wire to produce electrical contact. The composite surface was smoothed on a weighing paper until the surface showed shiny appearance and rinsed carefully with double-distilled water prior to each experiment.
The potentiometric measurements were conducted as follows. The modified carbon paste electrode was pleased in a stirred 50 ml 0.1 M Hg 2+ solution for a given period of time untill the potential reading became constant. The addition method was used for investigating the electrode response characteristics. Mercury salts standard solutions were added, so that the mercury concentration ranged between 10 −8 and 10 −1 M. Potential readings were recorded after each addition, when stable values had been obtained (usually after 30 -60 s). Potentiometric selectivity of this electrode towards different cations were calculated by using the matched potential method (MPM) [33] . In this method, the activity of Hg(II) was increased from aA = 1.0 × 10 −5 M (primary ion) to áA = 5.0 × 10
M, and the corresponding potential change (ΔE) were measured. Then a solution of an interfering ion (aB) in the range 1.0 × 10 −1 -1.0 × 10 −2 M was added to a new primary ion (áA) until the same potential change (ΔE) was recorded. The selectivity factor, K In addition, the electrode showed a linear response over this range of activities, showing departure from linearity (i.e. loss of sensitivity) at activities lower than 10 -7 M Hg 2+ .
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Effect of Plasticizer
the selectivity and dynamic response range of ISEs [37] . Figure 3 shows the effect of various plasticizers on the performance of the mercury ion selective electrode. DOP was found to have the widest linear range of the electrode and the best detection limit among those tested.
The performance of an ISE electrode depends on its composition, especially, the plasticizer [34, 35] . A plasticizer is added to ensure a non-interruption mobility of the ions in the paste. The proportion of plasticizer used must be optimized in order to minimize the electrical asymmetry of the paste, to keep the sensor as clean as possible, and to stop leaching to the aqueous phase [36] . It also determines the polarity as well as provides mechanical strength to the electrode. It is well established that the polarity and chemical structure of the plasticizer can have a significant influence on the sensitivity, stability, i.e. DOA, DBP, DOS, TBP, BP and DOPh are unsuitable as they give sub-Nernstian slopes, slower and narrow linear concentration ranges.
Effect of pH on Electrode Response
The effect of pH of the test solutions The experimental results show that the potential remained constant in the pH range of 3 -11, which can be used as the working pH range of the proposed electrode. However, outside this range, the electrode responses changed significantly. The diminished potential at pH > 11 was due to the interference of OH -on the plain. The response at pH < 3 seemed ascribable to the competitive blinding of protons to the ligands on the electrode surface.
Under more acidic conditions, the ligand may be protonated and thereby losing its capacity to form a complex with the metal ions. When the pH is nearly neutral, the fundamental cation is [HgOH] + , which reacts with the ligand. The drift of potential values at pH is attributed to the formation of mercury(II) hydroxide [38, 39] .
Potentiometric Selectivity Coefficients
The influence of interfering ions on the response behaveior of an ion-selective electrode has usually been described in terms of selectivity coefficient. Potentiometric Table 2 , were determined by the matched potential method.
As shown in Table 2 , it can be observed, that the proposed electrodes exhibited better selectivity for Hg(II) ions.
Alkaline and alkaline earth metal ions did not interfere with the potentiometric response of the proposed electrodes. Some transition metal ions exhibited a light interference effect on the Hg 2+ electrodes, which was more elevated in the proposed electrode.
Response Time and Life Time
The response time, defined as the time elapsed from the dipping of the electrode in the solution until the equilibrium potential was reached, varied from 5 to 10 s depending on the analyte concentration. The response time of the electrode was faster when the concentration was higher. The actual potential vs. time traces are shown in Figure 5 . The sensing behavior of the membrane electrode did not depend on whether the potentials were recorded from low to high concentrations or vice versa.
The proposed electrode can be used for one or more months without any deterioration or change in the response of the electrode. Figure 6 compares the typical morphological features of palm shell activated carbon (PSAC) and palm shell activated carbon paste electrode based on Kryptofix ® 5 as ionophore (PSACPE) using FESEM. Pure palm shell activated carbon PSAC surface (Figure 6(a) ) have porosity properties, smooth surfaces with long linear ridges and rough surfaces with oval ridges and micropores. Figure 6(b) shows a SEM image of PSACPE with more uniform surface topography and unique structure. Significant differences in the surface structure of PSACPE and PSACPE surface after it was dipped in 1 × 10 −4 M Hg 2+ solution for 30 min (Figure 6(c) ) are observed. Scanning electron microscopy images indicate significant improvement in the microstructure of the proposed electrode.
Scanning Electron Microscopy Results
Aggregates of white needles were observed in the surface (Figure 6(c) ), which could be presumed to be complexes formed between the Kryptofix ® 5 and Hg 2+ ions. SEM images of (a) Pure PSAC, (b) PSAC paste electrode and (c) PSAC paste electrode surface after it was dipped in 1 × 10 −4 M Hg 2+ .
Analytical Applications
The proposed Hg-PSACPE was successfully applied for determination of Hg 2+ in grandwater samples. The results were compared with data obtained by ICP ( Table 3) . The water samples were collected from Gaza ground water well (Palestine). The results indicate that the concentration of Hg(II) in groundwater samples are in good agreement with those obtained by ICP method. Thus the proposed electrode was highly accurate, precise, and reproducible and can be employed for quantification of Hg(II) in real samples
Conclusion
A new chemically modified palm shell activated carbon paste electrode (PSACPE) based on Kryptofix ) and low response time (˂10 s).
Acknowledgements
